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(54) A control device and a control method for a hybrid vehicle 



(57) Fluctuations in rotating speed or in torque at 
the time of switching between series drive and parallel 
drive operations are prevented. When switching from 
series drive mode to parallel drive mode, the rotating 
speed Nb of a motor B is detected and a rotating speed 
command is transmitted to match the rotating speed Na 
of a motor A with the rotating speed Nb of the motor B. 
When the actual rotating speed Na of the motor A has 
become equal to the rotating speed Nb of the motor B, 
a torque command which causes torque Teg of an 
engine (1) to become zero is transmitted and, then, a 



command for engaging a lock-up clutch is transmitted. 
When switching from the parallel drive mode to the 
series drive mode, the engine (1) torque is gradually 
reduced and the motor B is controlled to output a torque 
corresponding to the amount of reduction in the engine 
(1) torque. The rotating speed Na of the motor A is 
matched with the rotating speed Nb of the motor B and 
the lock-up clutch is disengaged when the engine (1) 
torque has become zero. 
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Description 

[0001] The present invention relates to a control 
device for a hybrid vehicle which jointly uses an engine 
and two electric motors. More particularly, the invention s 
pertains to a control device for a hybrid vehicle having 
the ability to switch it between series drive mode and 
parallel drive mode depending on running conditions. 
[0002] Among vehicles including motor vehicles, 
hybrid vehicles which jointly use an engine and electric 10 
motors have been developed in recent years due to their 
low-pollution and resource-saving features. These 
hybrid vehicles employ many techniques for achieving 
an improvement in kinetic energy recovery efficiency 
and for maintaining running performance by installing is 
two motors, one for power generation and the other as a 
power source. 

[0003] One known example of a hybrid vehicle of 
this kind is made such that it is switched between series 
drive operations, in which the hybrid vehicle runs while 20 
driving a motor for electric power generation with 
mechanical output of an engine and then driving a 
motor for running with both generated electric power 
and electric power output discharged from a battery, 
and parallel drive operation, in which the hybrid vehicle 25 
runs mainly with the mechanical output of the engine 
and the difference between required output and the 
mechanical output of the engine is made up for by 
means of the motors, depending on running conditions. 
[0004] As an example, Japanese Patent Laid-Open 30 
No. 98322/1 996 discloses a series-parallel hybrid elec- 
tric vehicle comprising an engine, a generator driven by 
mechanical output of the engine, a battery charged with 
electricity generated by the generator, a motor driven by 
electric power discharged from the battery, and cou- 35 
pling/decoupling means like a clutch for establishing 
and breaking a mechanical link between the generator 
and the motor. 

[0005] In the aforementioned series-parallel hybrid 
electric vehicle, series drive operation is selected when 40 
the clutch is engaged, while parallel drive operation is 
selected when the clutch is disengaged, and the rotat- 
ing speed of the generator is matched with that of the 
motor before the clutch is engaged to avoid shocks 
caused by its engagement. 45 
[0006] It is, however, likely that fluctuation in torque 
occurs due to a difference in output torque between the 
engine and motor sides at the time of switching from 
series drive operations to parallel drive operation if the 
clutch is engaged simply upon matching the rotating so 
speed of the generator with that of the motor. Fluctua- 
tion in torque may also occur at the time of switching 
from the parallel drive operation to the series drive oper- 
ation if the clutch is simply disengaged. 
[0007] Accordingly, it is an object of the invention to ss 
provide a control device for a hybrid vehicle which 
makes it possible to prevent fluctuations in rotating 
speed or in torque at the time of switching between 



series drive and parallel drive operations and achieve 
smooth running without deteriorating a feeling of com- 
fortable driving. 

[0008] In a first embodiment, the invention relates 
to a control system for a hybrid vehicle having an inter- 
na] combustion engine mounted on the vehicle for out- 
putting a driving force via an output shaft, a lockup 
clutch mechanically and coaxially connected to the 
engine for connecting and disconnecting the driving 
force to a driving wheel, a transmission rotatably con- 
nected to the lockup clutch for changing a rotating 
speed thereof, a battery mounted on the hybrid vehicle 
for storing and providing an electric energy therefrom to 
various electric equipment, an accelerator pedal sensor 
provided in the vicinity of an accelerator pedal for 
detecting a depressed amount thereof and for produc- 
ing an accelerator signal, a brake switch provided near 
a brake pedal for detecting whether or not a driver steps 
thereon and for generating a brake signal when the 
driver steps thereof, and an inhibitor switch attached on 
a gear select mechanism for detecting whether a select 
lever is set in a drive range (D) and a rear range (R) or 
not and for outputting an ON signal when the lever is set 
in at least either one of the ranges, comprising: 

a first motor (A) interposed between the output 
shaft and the lockup clutch and electrically con- 
nected to the battery for generating an auxiliary 
electric energy and for returning thereof to the bat- 
tery when the lockup clutch is released while the 
vehicle is running in a series running mode; 

a second motor (B) interposed between the first 
motor (A) and the transmission and electrically con- 
nected to the battery for assisting the engine when 
the lockup clutch is connected while the vehicle is 
running in a parallel running mode; 

a planetary gear interposed between the lockup 
clutch and the second motor (B) for alternatively 
and effectively using the motors (A) and (B) so as to 
be changeable to a motor or a generator as 
required; and 

electronic hybrid engine control means responsive 
to the accelerator signal, the brake signal, the ON 
signal for connecting the lockup clutch after setting 
the driving force to substantially zero in addition to 
making an speed, of the first motor (A) to coincide 
with the speed, of the second motor (B) when a 
driving condition is transiting from the series run- 
ning mode to the parallel running mode and for dis- 
connecting the lockup clutch after making the 
speed, of the first motor (A) to coincide with the 
speed, of the second motor by gradually increasing 
the speed, of the second motor (B) at the time of 
when the driving force becomes substantially zero 
by incrementally adding a driving torque of the sec- 
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ond motor (B) as much as a decreased torque of 
the engine when the driving condition is transiting 
from the parallel running mode to the series running 
mode in addition to gradually decreasing the driving 
force so as to correctly avoid uncomfortable 5 
changes of the r.p.m. and torque without deteriorat- 
ing a good drive feeling and to effectively realize a 
smooth running of the vehicle. 

[0009] In a second embodiment, the invention 10 
relates to a control method for a hybrid vehicle having, 
an internal combustion engine mounted on the vehicle 
for outputting a driving force via an output shaft, a 
lockup clutch mechanically and coaxially connected 1o 
the engine for connecting and disconnecting the driving 15 
force to a driving wheel, a transmission rotatably con- 
nected to the lockup clutch for changing a rotating 
speed thereof, a battery mounted on the hybrid vehicle 
for storing and providing an electric energy therefrom to 
various electric equipment, an accelerator pedal sensor 20 
provided in vicinity of an accelerator pedal for detecting 
a depressed amount thereof, a brake switch provided 
near a brake pedal for detecting whether or not a driver 
steps thereon, and an inhibitor switch attached on a 
gear select mechanism for detecting whether a select 25 
lever is set in a drive range (D) and a rear range (R) or 
not, comprising the steps of: 

generating a first auxiliary electric energy by inter- 
posing a first motor (A) between the output shaft 30 
and the lockup clutch and by electrically connecting 
to the battery when the lockup clutch is released 
while the vehicle is running in a series running 
mode; 

35 

assisting the engine by a second motor (B) inter- 
posed between the first motor (A) and the transmis- 
sion and electrically connected to the battery when 
the lockup clutch is connected while the vehicle is 
running in a parallel running mode; 40 

interposing a planetary gear between the lockup 
clutch and the second motor (B) in order to alterna- 
tively and effectively use the motors (A) and (B) as 
required; and 45 

connecting the lockup clutch by electronic hybrid 
engine control means after setting the driving force 
to substantially zero in addition to making a speed, 
of the first motor (A) to coincide with the speed, of 50 
the second motor (B) when a driving condition is 
transiting from the series running mode to the par- 
allel running mode; and 

disconnecting the lockup clutch after making the 55 
speed, of the first motor (A) coincide with the 
speed, of the second motor by gradually increasing 
the spreed of the second motor (B) at the time of 



when the driving force becomes substantially zero 
by incrementally adding a driving torque of the sec- 
ond motor (B) as much as a decreased amount of 
torque of the engine when the driving condition is 
transiting from the parallel running mode to the 
series running mode in addition to gradually 
decreasing the driving force so as to correctly avoid 
uncomfortable changes of the speed, and torque 
without deteriment to a good drive feeling and to 
effectively realize a smooth running of the vehicle. 

[0010] According to the hybrid vehicle in the first 
embodiment of the invention, it can be run by switching 
itself between the parallel drive mode in which the lock- 
up clutch is disengaged and the first motor connected 
between the output shaft of the engine and the sun gear 
of the planetary gear is driven as a generator, whereby 
the motive power of the second motor connected to the 
ring gear of the planetary gear is used as the main 
source of driving power, and the series drive mode in 
which the lock-up clutch is engaged to couple the sun 
gear and the carrier of the planetary gear, the motive 
power of the second motor fed from the ring gear is 
added to the motive power of the engine fed from the 
sun gear and the sum is output from the carrier, 
whereby the motive power of the engine alone or the 
sum of the motive power of both the second motor and 
the engine is used as the source of driving power. 
[0011] When switching the vehicle from the series 
drive mode to the parallel drive mode, the lock-up clutch 
is engaged upon making the driving torque of the 
engine substantially equal to zero after substantially 
matching the rotating speed of the first motor with the 
rotating speed of the second motor. 
[001 2] When switching the vehicle from the parallel 
drive mode to the series drive mode, the driving torque 
of the engine is gradually reduced while gradually 
increasing the driving torque of the second motor by an 
amount corresponding to the amount of reduction in the 
driving torque of the engine, and the lock-up clutch is 
disengaged after substantially matching the rotating 
speed of the first motor with the rotating speed of the 
second motor at the time the driving torque of the 
engine has become substantially zero. 
[0013] A control device for a hybrid vehicle and a 
method of control of a hybrid vehicle will now be 
described by way of example with reference to the 
accompanying drawings in which|: 

Fig. 1 is a flowchart showing a control routine for 
series drive mode; 

Fig. 2 is a flowchart showing a switching control 
routine applicable when switching from the series 
drive mode to parallel drive mode; 

Fig. 3 is a flowchart showing a control routine for 
the parallel drive mode; 
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Fig. 4 is a flowchart showing a switching control 
routine applicable when switching from the parallel 
drive mode to the series drive mode; 

Fig. 5 is an explanatory diagram showing the con- 5 
figuration of a drive control system; 

Fig. 6 is an explanatory diagram showing control 
signal flows around HEV_ ECU;and 

Fig. 7 is an explanatory diagram showing torque 
distribution between an engine and motors. 

[0014] A mode of carrying out the invention is 
described in the following with reference to drawings. 
Figs. 1 to 7 pertains to one embodiment of the invention, 
in which Fig. 1 is a flowchart showing a control routine 
for series drive mode, Fig. 2 is a flowchart showing a 
switching control routine applicable when switching 
from the series drive mode to parallel drive mode, Fig. 3 
is a flowchart showing a control routine for the parallel 
drive mode, Fig. 4 is a flowchart showing a switching 
control routine applicable when switching from the par- 
allel drive mode to the series drive mode, Fig. 5 is an 
explanatory diagram showing the configuration of a 
drive control system, Fig. 6 is an explanatory diagram 
showing control signal flows around REV_ECU, and 
Fig. 7 is an explanatory diagram showing torque distri- 
bution between an engine and motors. 
[001 5] A hybrid vehicle according to this invention is 
a vehicle which jointly uses the engine and motors. As 
shown in Fig. 5 it comprises an internal combustion 
engine 1, an electric motor A (first motor) which serves 
to start up the engine 1, generate electric power and 
provide additional motive power, a planetary gear unit 3 
connected to an output shaft 1a of the engine 1 via the 
motor A, an electric motor B (second motor) which con- 
trols functions of the planetary gear unit 3, works as a 
source of motive power when the hybrid vehicle is 
started or driven backwards and serves to recover 
energy during deceleration, and a power conversion 
mechanism 4 which serves the function of power con- 
version by performing speed change and torque magni- 
fication operations under normal running conditions. 
[0016] Specifically, the planetary gear unit 3 is a 
single-pinion type planetary gear train including a sun 
gear 3a, a carrier 3b rotatably supporting a pinion which 
meshes with the sun gear 3a, and a ring gear 3c which 
meshes with the pinion. The planetary gear unit 3 is 
associated with a lock-up clutch 2 for engaging and dis- 
engaging the sun gear 3a and the carrier 3b. 
[0017] Although different types of transmissions, 
such as a transmission including a combination of gear 
trains or a transmission adopting a hydraulic torque con- 
verter, may be used as the power conversion mecha- 
nism 4, it is preferable to employ a belt-driven 
continuously variable transmission (CVT) in which a 
driving belt 4e is mounted around a primary pulley 4b fit- 



ted on an input shaft 4a and a secondary pulley 4d fitted 
on an output shaft 4c. In this embodiment, the power 
conversion mechanism 4 is hereinafter described as 
being the CVT 4. 

[0018] In the hybrid vehicle driving system of this 
invention, the planetary gear unit 3, in which the lock-up 
clutch 2 is placed between the sun gear 3a and the car- 
rier 3b, is provided between the output shaft la of the 
engine 1 and the input shaft 4a of the CVT 4. The sun 
gear 3a of the planetary gear unit 3 is connected to the 
output shaft la of the engine 1 via one motor A, the car- 
rier 3b is connected to the input shaft 4a of the CVT 4, 
and the other motor B is connected to the ring gear 3c. 
Further, a differential mechanism 6 is connected to the 
output shaft 4c of the CVT 4 via a reduction gear train 5, 
and front or rear driving wheels 8 via are connected to 
the differential mechanism 6 via driving axles 7. 
[001 9] Since the engine 1 and the motor A are con- 
nected to the sun gear 3a of the planetary gear unit 3 
and the motor B is connected to the ring gear 3c to 
obtain power output from the carrier 3b, and the output 
from the carrier 3b is transmitted to the driving wheels 8 
after the speed change and torque magnification opera- 
tions by the CVT 4 as described above, the two motors 
A, B can be used for both generating electricity and pro- 
viding motive power, and relatively low-output motors 
can be employed. 

[0020] In addition, as the lock-up clutch 2 engages 
the sun gear 3a and the carrier 3b of the planetary gear 
unit 3 depending on running conditions, it is possible to 
form a drive shaft connecting straight from the engine 1 
to the CVT 4 with the two motors A, B disposed in 
between. This arrangement makes it possible to effi- 
ciently transmit motive power to the CVT 4 or to utilize a 
braking force from driving wheels 8. 
[0021] Flows of electricity due to torque transmis- 
sion and electric power generation performed by the 
engine 1 and the motors A, B driven through the plane- 
tary gear unit 3 when the lock-up clutch 2 is engaged 
and disengaged are described in great detail in Japa- 
nese Patent Laid-Open No. 4080/1998 filed by the 
same assignee. 

[0022] The above-described driving system is con- 
trolled by a control system (hybrid control system) for 
performing driving control of the hybrid vehicle, in which 
the control system is configured by connecting seven 
electronic control units (ECUs) by a multiplex communi- 
cation system, and each ECU is a microcomputer and a 
functional circuit controlled by the microcomputer. It is 
preferable to employ a communications network capa- 
ble of handling high-speed communications. For exam- 
ple, it is possible to employ CAN (Controller Area 
Network) which is one of ISO standard protocols. 
[0023] Specifically, the control system is centered 
around a hybrid ECU (REV_ECU) 20 for performing 
overall system management, in which a motor A control- 
ler 21 for controlling the driving of the motor A, a motor 
B controller 22 for controlling the driving of the motor B, 
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an engine ECU (E/G_ECU) 23 for controlling the engine 
1 , a transmission ECU (T/M_ECU) 24 for controlling the 
lock-up clutch 2 and the CVT 4 and a battery manage- 
ment unit (BAT_MU) 25 for managing electric power of 
a battery 10 are connected to the HEV_ECU 20 by a 5 
first multiplex communication line 30, and a brake ECU 
(BRK_ECU) 26 for controlling brakes is connected to 
the HEV_ECU 20 by a second multiplex communication 
line 31. 

[0024] The HEV_ECU 20 controls the entire hybrid to 
control system. Sensors and switches for sensing oper- 
ations by a driver are connected to the HEV_ECU 20. 
These include, for example, an accelerator pedal sen- 
sor (APS) 1 1 for sensing the amount of depression of an 
not illustrated accelerator pedal, a brake switch 12 75 
which is turned on when an not illustrated brake pedal is 
depressed, an inhibitor switch 14 which becomes on 
when the set position of a speed range selector mecha- 
nism 13 is "P" (parking) or "N" (neutral) and becomes of 
f when the speed range selector mechanism 1 3 is set at 20 
a running position, such as "D" (drive) or "R" (reverse). 
[0025] The HEV_ECU 20 calculates necessary 
vehicle driving torque and determines torque distribu- 
tion for the driving system based on signals entered 
from the individual sensors and switches and on data 25 
transmitted from the individual ECUs, and sends out 
control signals to the individual ECUs by multiplex com- 
munication as depicted in Fig. 6. 
[0026] Also connected to the HEV_ECU 20 is a dis- 
play 27 incorporating various meters for indicating oper- 30 
ating conditions of the vehicle, such as running speed, 
engine speed and battery charge conditions, as well as 
warning lamps for alerting the driver to the occurrence 
of anomalies. The display 27 is also connected to the 
T/MJECU 24. When any anomaly occurs in the 35 
HEV_ECU 20, the T/M_ECU 24 performs an emer- 
gency control operation in place of the T/M_ECU 24 and 
gives an anomaly indication on the display 27. 
[0027] On the other hand, the motor A controller 2 1 
is provided with an inverter for driving the motor A. Basi- 40 
cally, the motor A controller 21 performs a constant 
rotating speed control operation for the motor A based 
on a servo ON/OFF command and a rotating speed 
command transmitted from the HEV_ECU 20 by multi- 
plex communication. Further, the motor A controller 21 as 
feeds back the torque, rotating speed, current value, 
etc. of the motor A and transmits such data as a torque 
limit request and a voltage value to the HEV_ECU 20. 
[0028] The motor B controller 22 is provided with an 
inverter for driving the motor B. Basically, the motor B so 
controller 22 performs a constant torque control opera- 
tion for the motor B based on a servo ON/OFF com- 
mand (forward or reverse rotation command) and a 
torque command (power running, regeneration) trans- 
mitted by multiplex communication from the HEV_ECU ss 
20. Further, the motor B controller 22 feeds back the 
torque, rotating speed, current value, etc. of the motor B 
and transmits such data as a voltage value to the 



HEV_ECU20. 

[0029] The E/G_ECU 23 is basically intended to 
perform a torque control operation for the engine 1. It 
controls the amount of fuel injected from an injector (not 
shown), throttle opening determined by an ETC (electric 
throttle valve), a power correction learning operation of 
auxiliary machinery like an A/C (air conditioner), etc. 
and a fuel-cut operation based on such control com- 
mands as positive/negative torque commands, a fuel- 
cut command and an air conditioner ON/OFF enable 
command as well as on actual torque feedback data, 
running speed, speed range selector position ("P", "N", 
etc.) from the inhibitor switch 14, full acceleration data 
or zero acceleration data contained in a signal from the 
APS 11, brake operating conditions including ON/OFF 
status of the brake switch 12 and ABS status, and so on 
which are transmitted from the HEV_ECU 20 by multi- 
plex communication. 

[0030] Further, the E/G_ECU 23 feeds back a con- 
trol torque value for the engine 1 , fuel-cut execution sta- 
tus, execution status of a full-throttle fuel increase 
correction to the amount of injected fuel, air conditioner 
ON/OFF status, zero throttle data from an not illustrated 
idling switch to the HEV_ECU 20. The E/G_ECU 23 
also transmits a warm-up request for the engine 1 to the 
HEV_ECU20. 

[0031] The T/M_ECU 24 controls engagement/dis- 
engagement operation of the lock-up clutch 2 and the 
speed change ratio of the CVT 4 based on such control 
commands as a target primary pulley speed for the CVT 
4, a CVT input torque command and a lock-up request 
as well as on such information as the engine speed, 
throttle opening, speed range selector position from the 
inhibitor switch 14, ON/OFF status of the brake switch 
12, air conditioner ON/OFF enable status, brake operat- 
ing conditions including the ABS, zero throttle data for 
the engine 1 from the idling switch which are transmitted 
from the HEV_ECU 20 by multiplex communication. 
[0032] Further, the T/M_ECU 24 feeds back such 
data as the running speed, input torque limit, primary 
pulley speed and secondary pulley speed of the CVT 4, 
lock-up complete status, speed change status corre- 
sponding to the setting of the inhibitor switch 14 to the 
HEV_ECU 20. The T/M_ECU 24 also transmits an 
engine speed up request for increasing the amount of 
oil in the CVT 4 and a low-temperature startup request 
to the HEV_ECU 20. 

[0033] The BAT_MU 25 is a so-called power man- 
agement unit which performs various control operations 
necessary for the management of the battery 10. Spe- 
cifically, the BATJvlU 25 carries out such control opera- 
tions as charge/discharge control of the battery 10, 
control of a fan and external charge control, and trans- 
mits such data as the amount of charge remaining in the 
battery 10, its voltage and current limit value, as well as 
data indicating that the battery 10 is being externally 
charged to the HEV_ECU 20 by multiplex communica- 
tion. When charging the battery 10 from an external 



5 



9 



EP1 002 689 A2 



10 



source, the battery 10 is separated from the motor A 
controller 21 and the motor B controller 22 by switching 
a contactor 9. 

[0034] The BRKJSCU 26 is intended to calculate 
necessary braking force and control hydraulic pressure 
of a brake system based on such information as the 
amount of regenerate electricity and a regeneration 
torque feedback value transmitted from the HEV_ECU 
20 by multiplex communication. The BRK_ECU 26 
feeds back a regeneration amount command (torque 
command), the running speed, hydraulic pressure, and 
brake operating conditions including the ABS to the 
HEV_ECU 20. Drive modes of the hybrid vehicle con- 
trolled by the above-described hybrid control system 
can roughly divided into the following three basic modes 
as viewed from the side of the transmission input shaft, 
and the hybrid vehicle is continually switched from one 
drive mode to another depending on running conditions. 

(1) Series (Series & parallel) drive mode 

[0035] When a small driving power is required, the 
lock-up clutch 2 is disengaged and the motor A is driven 
by the engine 1 so that it acts as a generator and, then, 
the hybrid vehicle runs mainly by means of the motor B. 
In this case, part of the motive power of the engine 1 is 
input to the sun gear 3a of the planetary gear unit 3, 
combined with the motive power of the motor B which is 
connected to the ring gear 3c, and output through the 
carrier 3b. 

(2) Parallel drive mode 

[0036] When a large driving power is required, the 
lock-up clutch 2 is engaged to connect the sun gear 3a 
of the planetary gear unit 3 to the carrier 3b, whereby 
the motive power of the motor B fed from the ring gear 
3c is added to the motive power of the engine 1 and the 
sum is output through the carrier 3b. In this case, the 
hybrid vehicle runs by means of the engine 1 alone or by 
using the torque supplied from both the engine 1 and 
the motor B. 

(3) Braking force regeneration mode 

[0037] During deceleration, the hybrid vehicle 
recovers the braking force by means of the motor B 
while performing a brake control operation in a coordi- 
nated manner. Specifically, the hybrid vehicle carries 
out a regenerative braking operation by dividing a total 
braking torque corresponding to the amount of depres- 
sion of the brake pedal into a regeneration torque car- 
ried by the motor B and a braking torque taken by the 
brake system. 

[0038] Control operations performed by the 
HEV_ECU 20 in the series drive mode and the parallel 
drive mode and for switching between the series drive 
mode and the parallel drive mode are described below 



referring to the flowcharts of Figs. 1 to 4. 
[0039] Fig. 1 shows the control routine for the series 
drive mode. When a rotating speed command which 
causes the motor A to run at a specified rotating speed 
5 is given to the motor A controller 21 by multiplex com- 
munication in step SO, vehicle driving torque Tall is cal- 
culated from the amount of depression of the 
accelerator pedal based on an output from the APS 1 1 
in stepS 102. 

10 [0040] Next, the operation flow proceeds to step 
S103, in which torque Tr of the ring gear side and torque 
Ts of the sun gear side are calculated according to 
equations (1) and (2) below using the planetary gear 
ratio (constant K) of the planetary gear unit 3. Then in 

is step S104, power Wb required by the motor B which is 
connected to the ring gear 3c is calculated from the 
rotating speed of the motor B and the torque Tr of the 
ring gear side. 

so Tr =Tallx(1 - K)/K (1) 



Ts=TallxK (2) 

25 

[0041] Specific charging power Wa is calculated 
from the amount of charge remaining in the battery 1 0 in 
step S105, and torque Tb at required for power genera- 
tion is calculated from the power Wb required by the 

30 motor B, the charging power Wa for the battery 10 and 
the rotating speed of the motor A in step S106. Then in 
step S107, the torque Ts of the sun gear side and the 
power generation torque Tbat are added to obtain driv- 
ing torque Teg of the engine 1 as shown in equation (3) 

35 below: 

Teg = Ts+Tbat (3) 

[0042] Subsequently, the operation flow proceeds 
40 to step S108, in which a judgment is made as to 
whether the driving torque Teg calculated in step S107 
above can be output from the engine 1 based on the 
electric power output of the motor A and output charac- 
teristics of the engine 1 . If it is difficult to output the dri v- 
45 ing torque Teg, the rotating speed setting for the motor 
A is changed and a new rotating speed command is 
sent to the motor A controller 21 . Then, the power gen- 
eration torque Tbat is calculated again from the power 
Wb required by the motor B, the charging power Wa for 
so the battery 10 and the rotating speed of the motor A, 
and the driving torque Teg of the engine 1 is obtained by 
adding the power generation torque Tbat and the torque 
Ts of the sun gear side. 

[0043] In step S109. the torque Tr of the ring gear 
55 side which should be produced by the motor B is sent to 
the motor B controller 22 in the form of a torque com- 
mand by multiplex communication. Then in step S1 10, a 
torque command corresponding to the driving torque 
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Teg is sent to the E/GJECU 23 by multiplex communica- 
tion and the operation flow proceeds to step S1 11. 
[0044] In step S1 1 1 , driving operation by use of the 
motor B is controlled according to a feedback value of 
the vehicle driving torque that is calculated from feed- s 
back values from the motor A controller 21 , the motor B 
controller 22 and the E/G ECU 23 and, then, the current 
routine is finished. 

[0045] Specifically, the HEV.ECU 20 adds a power 
generation torque feedback value Ta' of the motor A 
received from the motor A controller 21 and a reaction 
force (Ttj' x K/(1 - K) ) due to the torque of the motor B, 
which is obtained from a torque feedback value Tb' of 
the motor B, feeds back the sum to the E/GECU 23. The 
E/G ECU 23 learns the difference between the torque 
command value Teg and the feedback value 
(Ta* + Tb' x K/(1 - K) ) fed from the HEV_ECU 20 and 
controls the engine 1 accordingly. 
[0046] The difference between a torque feedback 
value Teg' of the engine 1 and the torque feedback 
value Ta* of the motor A is added to the torque feedback 
value Tb' of the motor B to obtain the feedback value of 
the vehicle driving torque, and the driving operation by 
use of the motor B is controlled according to the feed- 
back value of the vehicle driving torque 
(Tb* + Teg' + Ta'). 

[0047] Accordingly, in the light-load series drive 
mode in which the required driving power is small, the 
battery 10 can be recharged to make up for its electric 
power consumed by driving the motor B while bearing 
the reaction force of the motor B with the engine 1 and 
the motor A, and this makes it possible to accomplish 
stable constant torque running. 
[0046] If the accelerator pedal is further depressed 
and the required driving power increases while the vehi- 
cle is being driven in the above-described series drive 
mode, it is switched from the series drive mode to the 
parallel drive mode. 

[0049] Transition from the series drive mode to the 
parallel drive mode is made according to the switching 
control routine of Fig. 2, in which, after matching the 
rotating speed of the motor B with that of the motor A, 
the torque of the engine 1 is set to zero and the lock-up 
clutch 2 is engaged. More particularly, the HEV_ECU 20 
determines the rotating speed Nb of the motor B from 
rotating speed data fed back from the motor B controller 
22 in step S201 and, then, sends a rotating speed com- 
mand to the motor A controller 21 by multiplex commu- 
nication in step S202 in order to match the rotating 
speed Na of the motor A with the rotating speed Nb of 
the motor B. 

[0050] Subsequently, the HEV_ECU 20 determines 
the actual rotating speed Na of the motor A from rotating 
speed data fed back from the motor A controller 21 in 
step S203 and checks whether the actual rotating 
speed Na of the motor A has become equal to the rotat- 
ing speed Nb of the motor B in step S204. If Na?Nb, the 
operation flow returns from step S204 to step S201 and 



the aforementioned steps for matching the rotating 
speed of the motor A with that of the motor B are reexe- 
cuted. 

[0051] When the rotating speed Na of the motor A 
equals the rotating speed Nb of the motor B in step 
S204, the operation flow proceeds from step S204 to 
step S205, in which a torque command for setting the 
torque Teg of the engine 1 to zero is sent to the E/G 
ECU 23 by multiplex communication. Then in step 
S206, a command for engaging the lock-up clutch 2 is 
sent to the T/M_ECU 24 by multiplex communication 
and the vehicle is switched to the parallel drive mode. 
[0052] Since the lock-up clutch 2 can be engaged 
upon making the driving torque of the engine 1 substan- 
tially equal to zero after the rotating speed of the motor 
A has been substantially matched with the rotating 
speed of the motor B when switching the vehicle from 
the series drive mode to the parallel drive mode, it is 
possible to smoothly perform the mode switching oper- 
ation without causing fluctuations in rotating speed or in 
torque. Thus, the driver would not have abnormal feel- 
ings when driving the vehicle. 
[0053] Next, in the parallel drive mode, the torque 
distribution between the engine 1 and the motor B is 
determined by the control routine of Fig. 3, in which the 
vehicle runs with the engine 1 alone or with the engine 
1 assisted by the motor B (motor-assisted driving oper- 
ation). 

[0054] In this parallel drive control routine, when the 
lockup clutch 2 is engaged and the vehicle is switched 
to the parallel drive mode, a zero torque command 
which sets the torque of the motor A to zero is sent to 
the motor A controller 21 by multiplex communication in 
step S301. 

[0055] More specifically, the lock-up clutch 2 is 
engaged to connect the sun gear 3a of the planetary 
gear unit 3 to the carrier 3b, whereby the motive power 
of the motor B fed from the ring gear 3c is added to the 
motive power of the engine 1 and the sum is output 
through the carrier 3b in the parallel drive mode. There- 
fore, in order to transmit the whole output torque of the 
engine 1 and the motor B to the driving wheel side, it is 
necessary to set the r.p.m. of the motor A, but its control 
is very difficult, (f the motor A is run by the same rotating 
speed control operation as in the series drive mode, the 
driving torque is absorbed by the motor A. On the con- 
trary, if the rotating speed control operation for the motor 
A is stopped, the output torque of the engine 1 and the 
motor B is reduced due to core loss. 
[0056] In any case, it is difficult to control the vehicle 
driving torque in the parallel drive mode if the motor A is 
run by the same rotating speed control operation as in 
the series drive mode. Thus, in the parallel drive mode, 
the zero torque command is sent to the motor A control- 
ler 21 which controls the rotating speed of the motor A 
to reduce its output torque down to zero by means of its 
magnetic field, for instance, so that the output torque of 
the engine 1 and the motor B is fed into the CVT 4 with- 
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out loss. 

[0057] After running the motor A at zero torque, the 
operation flow proceeds to step S302, in which the vehi- 
cle driving torque Tali is calculated from the amount of 
depression of the accelerator pedal based on the output 5 
from the APS 11. Then in step S303, a judgment is 
made to determine whether the amount of charge 
remaining in the battery 10 is equal to or greater than a 
specified value. If the amount of charge remaining in the 
battery 10 is smaller than the specified value, the oper- 
ation flow proceeds to step S304, in which a specific 
torque command is sent to the E/G_ECU 23 by multi- 
plex communication so that the vehicle runs with the 
engine 1 alone according to the throttle opening and, 
then, the operation flow proceeds to step S31 0. 
[0058] I the amount of charge remaining in the bat- 
tery 10 is equal to or greater than the specified value in 
step S303, the operation flow proceeds to step S305, in 
which maximum engine output torque Tegmax is calcu- 
lated from the throttle opening of the engine 1 and the 
primary pulley speed of the CVT 4. Then, the difference 
?T between the vehicle driving torque Tall and the max- 
imum engine output torque Tegmax is calculated 
(?T = Tall - Tegmax) in step S306, and the difference 
AT is set as driving torque Tb of the motor B (Tb= ?T) 
in S307. 

[0059] In the parallel drive mode, imaginary maxi- 
mum output characteristics of the whole vehicle are 
defined based on the maximum output torque Tegmax, 
which is determined by uniform throttle opening curves 
of the engine 1, and maximum driving torque of the 
motor B as shown in Fig. 7. When the required vehicle 
driving torque Tall is larger than the maximum output 
torque Tegmax of the engine 1, the difference (Tall - 
Tegmax) is set as the driving torque to be supplemented 
by the motor B. 

[0060] Subsequently, a torque command specifying 
the maximum engine output torque Tegmax is sent to 
the E/G_ECU 23 by multiplex communication in step 
S308, and a torque command specifying the driving 
torque Tb is sent to the motor B controller 22 by multi- 
plex communication in step S309. In step S3 10, the 
vehicle driving operation is controlled using the sum (Tb' 
+ Tegl of the torque feedback value Tb' of the motor B 
received from the motor B controller 22 and the torque 
feedback value Teg' of the engine 1 received from the 
E/G_ECU 23 as a feedback value of the vehicle driving 
torque and. then, the current routine is finished. 
[0061 ] In the foregoing parallel drive mode, it is pos- 
sible to transmit the output torque of the engine 1 and 
the motor B to the driving wheel side without loss by 
simple commands and limited constant torque control 
operation without completely switching the motor A from 
the rotating speed control operation to torque control 
operation, so that the vehicle driving torque can be eas- 
ily controlled. 

[0062] Transition from the parallel drive mode to the 
series drive mode is made according to the switching 



control routine of Fig.4. In this routine, the output torque 
of the engine 1 is gradually reduced and the motor B is 
controlled to output a torque corresponding to the 
amount of reduction in the engine torque. When the out- 
put torque of the engine 1 has become zero, the zero 
torque command for the motor A is canceled, the rotat- 
ing speed of the motor A is matched with that of the 
motor B, and the lock-up clutch 2 is disengaged. 
[0063] More particularly, a torque command speci- 
fying a torque value Teg (Teg » Teg - Teg/n) which is 
obtained by reducing the driving engine torque Teg by a 
specified ratio 1/n is sent to the E/G_ECU 23 by multi- 
plex communication in step S401 Then in step S402, 
the amount of reduction in the driving engine torque 
Teg/n is added to the current driving torque Tb of the 
motor B, the sum (Tb + Tb/n ) is set as a new driving 
torque Tb of the motor B, and a torque command spec- 
ifying the new driving torque Tb is sent to the motor B 
controller 22 by multiplex communication. 
[0064] In step S403, a judgment is made to check 
whether the driving engine torque Teg has become 
zero. If Teg?0, the operation flow returns from step S403 
to step S401 and the aforementioned operation is reex- 
ecuted, in which the output torque of the engine 1 is 
reduced by a specified amount and the output torque of 
the motor B is increased by the same amount. 
[0065] Subsequently, when the driving engine 
torque Teg has become zero in step S403, the operation 
flow proceeds to step S404, in which the rotating speed 
Nb of the motor B is determined. In step S405, the zero 
torque command for the motor A previously sent to the 
motor A controller 21 is canceled and a rotating speed 
command is sent to the motor A controller 21 in order 
that the rotating speed Na of the motor A equals the 
rotating speed Nb of the motor B. Then in step S406, a 
command for disengaging the lock-up clutch 2 is sent to 
the T/M_ECU 24 and, then, the current routine is fin- 
ished. 

[0066] When switching the vehicle from the parallel 
drive mode to the series drive mode, the output torque 
of the engine 1 is gradually reduced down to zero and 
the motor B is controlled to output a torque correspond- 
ing to the amount of reduction in the engine torque 
before the rotating speed of the motor A is matched with 
that of the motor B and the lock-up clutch 2 is disen- 
gaged. Therefore, the switching from the parallel drive 
mode to the series drive mode can be made without 
causing fluctuations in rotating speed or in torque, and 
this makes it possible to prevent deterioration of a feel- 
ing of comfortable driving. 

[0067] As thus far described, when switching a 
vehicle from series drive mode to parallel drive mode, a 
lock-up clutch is engaged upon making the driving 
torque of an engine substantially equal to zero after 
substantially matching the rotating speed of a first motor 
which is connected between an output shaft of the 
engine and a sun gear of a planetary gear with the rotat- 
ing speed of a second motor which is connected to a 
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ring gear of the planetary gear. When switching the 
vehicle from the parallel drive mode to the series drive 
mode, the driving torque of the engine is gradually 
reduced while gradually increasing the driving torque of 
the second motor by an amount corresponding to the 5 
amount of reduction in the driving torque of the engine, 
and the lock-up clutch is disengaged after substantially 
matching the rotating speed of the first motor with the 
rotating speed of the seoond motor at the time the driv- 
ing torque of the engine has become substantially zero, to 
Consequently, it is possible to obtain such advanta- 
geous effects that fluctuations in rotating speed or in 
torque due to engagement/disengagement operation of 
the lock-up clutch are prevented and smooth running is 
achieved without deteriorating a feeling of comfortable 75 
driving. 

Claims 

1. A hybrid vehicle having an internal combustion 20 
engine (1) coupled to an output shaft (1a), 

a lockup clutch (2) for clutching the output shaft 
(1a) with driving wheels (8) of the vehicle via a 
transmission, 25 



generator as required; and 

an electronic hybrid engine control means (20) 
responsive to the accelerator signal, the brake 
signal and the ON signal for connecting the 
lockup clutch (2) after selling the driving force 
to substantially zero in addition to making a 
speed of the first motor (A) equal to a speed of 
the second motor (B) when changing from the 
series running mode to the parallel running 
mode and for disconnecting the lockup clutch 
(2) after making the speed of the first motor (A) 
equal to the speed of the second motor (B) by 
gradually increasing the speed of the second 
motor (B) at the time when the driving force 
becomes substantially zero by incrementally 
adding a driving torque of the second motor (B) 
as much as a decreased torque of the engine 
(1) when the driving condition is changing from 
the parallel running mode to the series running 
mode in addition to gradually decreasing the 
driving force, so as to correctly avoid uncom- 
fortable changes of the speed and torque with- 
out deteriment to a good drive feeling and to 
achieve smooth running of the vehicle. 



an accelerator pedal sensor (11) responsive to 
accelerator pedal depression to produce an 
accelerator signal, 

30 

a brake switch (12) for generating a brake sig- 
nal responsive to brake pedal operation, and 

an inhibitor switch (14) responsive to a gear 
select mechanism (13) to output an ON signal 35 
when a select lever is set in one of a drive 
range (D) or a reverse range (R), 

a first motor (A) interposed between the output 
shaft (1a) and the lockup clutch (2) and cou- 40 
pled to be rotated by or to rotate the output 
shaft (1a) and able to generate electric current 
for charging a battery (10) when the lockup 
clutch (2) is released while the vehicle is run- 
ning in a series running mode; 45 

a second motor (B) coupled to the output shaft 
(1a) and interposed between the first motor (A) 
and a transmission (4) and electrically con- 
nected to the battery (10) for assisting the so 
engine (1) when the lockup clutch (2) is con- 
nected while the vehicle is running in a parallel 
running mode; 

a planetary gear (3) interposed between the ss 
lockup clutch (2) and the second motor (B) for 
alternatively and effectively changing the func- 
tion of the motors (A) and (B) from a motor to a 



!. A method of controlling a hybrid vehicle, comprising 
the steps of: 

generating a first auxiliary electric current to 
charge a battery (10) from a first electric motor 
(A) interposed between an internal combustion 
engine (1) output shaft (1a) and a lockup clutch 
(2) when in a series running mode; 

assisting the engine (1) by means of a second 
motor (B) interposed between the first motor 
(A) and a transmission (4) and drawing power 
from the battery (1 0) when the lockup clutch (2) 
is connected while the vehicle is running in a 
parallel running mode; 

changing the operation of either of the first 
motor (A) and the second motor (B) from a 
motor operation to deliver torque to the trans- 
mission (4) to a generator operation to deliver 
current to the battery (10) by means of a plan- 
etary gear (3) interposed between the lockup 
clutch (2) and the second motor (B) in order to 
alternatively and effectively use the motors (A) 
and (B) as required; and 

changing a driving mode from a series running 
mode to a parallel running mode including the 
steps of; making the speed of the first motor (A) 
equal to the speed of the second motor (B) and 

setting the driving force to zero, 
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changing from the parallel running mode to the 
series running mode including the steps of 
making the speed of the first motor (A) equal to 
the speed of the second motor (B) by gradually 
increasing the speed of the second motor when 5 
the driving force is zero and by incrementally 
adding a driving force of the second motor (B) 
equal to a decrease in the engine (1) torque, 
and gradually decreasing the driving force so 
as to correctly avoid uncomfortable changes of 10 
the speed and torque without deteriment to a 
good drive feeling and to achieve smooth run- 
ning of the vehicle.. 

3. A control system for a hybrid vehicle having an 15 
internal combustion engine (1) mounted on said 
vehicle for outputting a driving force via an output 
shaft (1a), a lockup clutch (2) mechanically and 
coaxial ly connected to said engine (1) for connect- 
ing and disconnecting said driving force to a driving 20 
wheel, a transmission (4) rotatably connected to 
said lockup clutch (2) for changing a rotating speed 
thereof, a battery (10) mounted on said hybrid vehi- 
cle for storing and providing an electric energy 
therefrom to various electric equipment, an acceler- 25 
ator pedal sensor (1 1) provided in the vicinity of an 
accelerator pedal for detecting a depressed amount 
thereof and for producing an accelerator signal, a 
brake switch (12) provided near a brake pedal for 
detecting whether or not a driver steps thereon and 30 
for generating a brake signal when said driver steps 
thereof, and an inhibitor switch (14) attached on a 
gear select mechanism (13) for detecting whether a 
select lever is set in a drive range (D) and a rear 
range (R) or not and for outputting an ON signal 35 
when said lever is set in at least either one of said 
ranges, comprising: 

a first motor (A) interposed between said out- 
put shaft (1a) and said lockup clutch (2) and 40 
electrically connected to said battery (10) for 
generating an auxiliary electric energy and for 
returning thereof to said battery (1 0) when said 
lockup clutch (2) is released while said vehicle 
is running in a series running mode; a second 45 
motor (B) interposed between said first motor 
(A) and said transmission (4) and electrically 
connected to said battery (10) for assisting said 
engine (1) when said lockup clutch (2) is con- 
nected while said vehicle is running in a parallel so 
running mode; 

a planetary gear (3) interposed between said 
lockup clutch (2) and said second motor (B) for 
alternatively and effectively using said motors 55 
(A) and (B) so as to be changeable to a motor 
or a generator as required; and 



electronic hybrid engine (1) control means (20) 
responsive to said accelerator signal, said 
brake signal, said ON signal for connecting 
said lockup clutch (2) after setting said driving 
force to substantially zero in addition to making 
an r.p.m. of said first motor (A) to coincide with 
said r.p.m. of said second motor (B) when a 
driving condition is transiting from said series 
running mode to said parallel running mode 
and for disconnecting said lockup clutch (2) 
after making said r.p.m. of said first motor (A) to 
coincide with said r.p.m.. of said second motor 
by gradually increasing said r.p.m. of said sec- 
ond motor (B) at the time of when said driving 
force becomes substantially zero by incremen- 
tally adding a driving torque of said second 
motor (B) as much as a decreased torque of 
said engine (1) when said driving condition is 
transiting from said parallel running mode to 
said series running mode in addition to gradu- 
ally decreasing said driving force so as to cor- 
rectly avoid uncomfortable changes of said 
r.p.m. and torque without deteriorating a good 
drive feeling and to effectively realize a smooth 
running of said vehicle. 

4. A control method for a hybrid vehicle having, an 
internal combustion engine (1) mounted on said 
vehicle for outputting a driving force via an output 
shaft (1a), a lockup clutch (2) mechanically and 
coaxially connected to said engine (1) for connect- 
ing and disconnecting said driving force to a driving 
wheel, a transmission (4) rotatably connected to 
said lockup clutch (2) for changing a rotating speed 
thereof, a battery (10) mounted on said hybrid vehi- 
cle for storing and providing an electric energy 
therefrom to various electric equipment, an acceler- 
ator pedal sensor (11) provided in vicinity of an 
accelerator pedal for detecting a depressed amount 
thereof, a brake switch (12) provided near a brake 
pedal for detecting whether or not a driver steps 
thereon, and an inhibitor switch (14) attached on a 
gear select mechanism (13) for detecting whether a 
select lever is set in a drive range (D) and a rear 
range (R) or not, comprising the steps of: 

generating a first auxiliary electric energy by 
interposing a first motor (A) between said out- 
put shaft (1a) and said lockup clutch (2) and by 
electrically connecting to said battery (10) 
when said lockup clutch (2) is released while 
said vehicle is running in a series running 
mode; 

assisting said engine (1) by a second motor (B) 
interposed between said first motor (A) and 
said transmission (4) and electrically con- 
nected to said battery (10) when said lockup 
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clutch (2) is connected while said vehicle is 
running in a parallel running mode: 

interposing a planetary gear (3) between said 
lockup clutch (2) and said second motor (B) in 5 
order to alternatively and effectively use said 
motors (A) and (B) as required; and 

connecting said lockup clutch (2) by electronic 
hybrid engine (1) control means (20) after set- 10 
ting said driving force to substantially zero in 
addition to making an r.p.m, of said first motor 

(A) to coincide with said r.p.m. of said second 
motor (B) when a driving condition is transiting 
from said series running mode to said parallel is 
running mode; and 

disconnecting said lockup clutch (2) after mak- 
ing said r.p.m. of said first motor (A) to coincide 
with said r.p.m. of said second motor by gradu- 20 
ally increasing said r.p.m. of said second motor 

(B) at the time of when said driving force 
becomes substantially zero by incrementally 
adding a driving torque of said second motor 

(B) as much as a decreased amount of torque 25 
of said engine (1) when said driving condition is 
transiting from said parallel running mode to 
said series running mode in addition to gradu- 
ally decreasing said driving force so as to cor- 
rectly avoid uncomfortable changes of said so 
r.p.m. and torque without deteriorating a good 
drive feeling and to effectively realize a smooth 
running of said vehicle. 
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FIG. 1 
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CALCULATE VEHICLE DRIVING TORQUE Tall FROM APS OUTPUT - S102 
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CALCULATE TORQUE Tr OF RING GEAR SIDE AND TORQUE Ts 
OF SUN GEAR SIDE USING PLANETARY RATIO (CONSTANT K) 

Tr=Tallx(1 -k)/k 

Ts = Tallxk 
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CALCULATE POWER Wb REQUIRED BY 
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CALCULATE ENGINE DRIVING TORUQUE Teg FROM Ta AND Tbat 
Teg = Ts + Tbat 
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CHANGE ROTATING SPEED OF MOTOR A IF IT IS DIFFICULT 
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OF MOTOR A AND ENGINE OUTPUT CHARACTERISTICS 
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FIG. 2 

(series drive mode) 



S201 - DETECT ROTATING SPEED Nb OF MOTOR B 



S202 



SEND ROTATING SPEED COMMAND 
(Na = Nb) TO MOTOR A CONTROLLER 



DETECT Na 




S205 ~ SEND ENGINE TORQUE COMMAND (Teg = 0) 



S206 — ENGAGE LOCK-UP CLUTCH 
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FIG. 3 
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TO MOTOR A CONTROLLER 
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FIG. 4 



(parallel drive mode) 
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S402 



SEND TORQUE COMMAND 
(Teg = Teg-Teg/n)TOE/G ECU 
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SEND TORQUE COMMAND 
(Tb = Tb + Teg/n) TO MOTOR B CONTROLLER 
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DETECT ROTATING SPEED Nb OF MOTOR B 



S405 



CANCEL ZERO TORQUE COMMAND AND SEND ROTATING 
SPEED COMMAND (Na = Nb) TO MOTOR A CONTROLLER 



S406 - DESIGNATE LOCK-UP CLUTCH 



(SERIES DRIVE MODE) 
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FIG. 6 
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AMOUNT OF REMAINING CHARGE 
VOLTAGE 
CURRENT LIMIT 
EXTERNAL CHARGE SIGNAL 




BATTERY CHARGE/ 

DISCHARGE 

CONTROL 
EXTERNAL CHARGE 

CONTROL 
FAN CONTROL 
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HEV_ECU 



CLUTCH CONTROL 
SPEED CHANGE 
RATIO CONTROL 



RUNNING SPEED 
INPUT TORQUE LIMIT 
PRIMARY PULLEY RPM 
SECONDARY PULLEY RPM 
LOCK-UP COMPLETE STATUS FB 
ENGINE SPEED UP REQUEST 

(INCREASE CVT OIL AMOUNT) 
INHIBITOR SWFB 
LOW-TEMPERATURE STARTUP 



SERVO ON/OFF 
RPM COMMAND 
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MOTOR A 

TORQUE FB CONTROLLER 
hRPMFB CONSTANT RPM 

CURRENT VALUE FB CONTROL 
TORQUE LIMIT REQUEST 
VOLTAGE 



SERVO ON/OFF (FORWARD/REVERSE 

ROTATION COMMANDS) 
TORQUE COMMANDS 22 
(POWER RUNNING, ) 
REGENERATION) 



MOTOR B 
CONTROLLER 

TORQUE FB 
RPM FB CONSTANT TORQUE 

CURRENT VALUE FB CONTROL 
VOLTAGE 



INPUT 



BRAKE SW 
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INPUT 



INHIBITOR SW 



INPUT 



APS 
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